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基于隐式梯形–时步保持法的3/12相电机建模

纪锋，付立军，王公宝，王刚

舰船综合电力技术国防科技重点实验室(海军工程大学)

摘要： 

综合电力系统(integrated power system，IPS)包含3/12相双绕组发电机等特殊高阶非线性元件，现有电力系统

电磁暂态仿真软件均不提供其仿真模型。为此，采用隐式梯形法对双绕组发电机数学模型进行差分离散化处理，通

过定、转子分离迭代，推导出电机等效电路模型，并在PSCAD中建立双绕组发电机仿真模型。应用时步保持算

法，将模型的仿真时步划分为计算时步和保持时步，提高了计算速度。最后，构建综合电力推进系统试验平台，发

电机空载短路、推进系统调速的试验与仿真结果吻合，验证了建模方法的有效性和所建模型的正确性。研究表明，

基于隐式梯形–时步保持算法的建模方法能够准确高效地建立双绕组发电机的仿真模型，可应用于EMTP类仿真软

件，并可推广至IPS各类多相电机建模。 

关键词： 综合电力系统   隐式梯形法   时步保持算法   双绕组发电机   仿真模型   

Modeling of 3/12-phase Generator Using Implicit Trapezoidal & Time-step-holding 
Method

JI Feng, FU Lijun, WANG Gongbao, WANG Gang 

National Key Laboratory for Vessel Integrated Power System Technology (Naval University of 
Engineering) 

Abstract: 

The integrated power system (IPS) contains special, high-order and non-linear components like 3/12-
phase double winding generators. These components’ simulation models are not offered by any power 

system electromagnetic transient simulation software. To model the double winding generators, the 
implicit trapezoidal method was applied to transfer the double winding generator’s mathematical model 
into difference equations. By using the stator-rotor-separate iteration method, the generator’s 

equivalent circuit model was derived. Then, the simulation model of double winding generators was built 
in PSCAD. During the modeling, the time-step-holding method was introduced to divide the model’s 

simulation steps into computation steps and holding steps. In this way, the calculating speed was 
increased. Finally, the test bed of integrated electric propulsion system was constructed. The 
experiments on no-load short-circuit of the generator and on the speeding of the propulsion system were 
carried out and the same events were then simulated. The comparison between experimental and 
simulative results shows the availability of the modeling method and the correctness of the 3/12-phase 
double winding generator model. The study shows that the modeling method introduced in this paper can 
be used to build the simulation model of double winding generators accurately and efficiently. It can be 
applied to other EMTP-kind simulation software, and can be used for modeling of other multi-phase 
machines in IPS.

Keywords: integrated power system (IPS)   implicit trapezoidal method   time-step-holding 
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